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EDITORIAL. 


Data on Industrial Lighting. 


The discussion on Industrial Lighting, opened by Mr. Dow at the last 
meeting of the Illuminating Engineering Society on January 10th, formed 
a useful addition to the discussion on the Home Office Report on Factory 
Lighting, opened by the writer last November. The meeting in November 
dealt with the general aspects of the Report and the recommendations made 
therein; the discussion opened by Mr. Dow made special reference to 
the recently issued Vol. III. of the Report, containing the account of 
observations in factories and workshops. 

We commend this volume to the careful attention of lighting engineers. 
On pages 44 and 45 we reproduce, by kind permission of the Controller of 
His Majesty’s Stationery Office, two typical sheets of observations and 
diagrams. Side by side with the actual measurements in each factory 
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the personal impressions of the Committee are recorded, so that 
altogether the volume contains a unique amount of information 
regarding the existing conditions in the classes of factories visited. 
Such a complete series of statistics has mever, we believe, been 
published before in this or any other country. It affords positive information 
on many facts which would otherwise have been a matter of conjecture ; 
showing, for example, that the suggested minimum illumination of 0°25 
foot-candles in the interests of safety is exceeded in about two-thirds of the 
factories visited, and can therefore be reasonably demanded. 

It need not be said, however, that in many cases manufacturers would, 
for their own sakes, prefer an illumination well above the absolute minimum, 
and a glance over the contents of Vol. III. shows that in many cases out-of- 
date lamps and lighting appliances are still in use, and that by installing 
more modern methods of lighting considerable improvements could easily 
be made. Such data are thus of great interest to lighting engineers, as 
indicating the trades in which there are opportunities for improvement. 

The chief object in the discussion introduced by Mr. Dow, apart from 
the account given of Vol. III., was to show by practical examples of actual 
gas and electric installations, that the requirements of the Report can be 
readily met by the aid of modern methods. Particulars of such installations 
were kindly furnished by various members of the Society, and were impar- 
tially presented and described by Mr. Dow. The subsequent discussion 
fully bore out the view that the resources of illuminating engineering are 
quite able to cope with what is demanded, and that there is nothing excessive 
in the recommendations of the Committee. 

The requirements as regards absence of glare, reasonable uniformity of 
illumination, and avoidance of inconvenient shadows are entirely in accord- 
ance with the views expressed at previous meetings of the Society. There 
are doubtless special cases in which difficulties must be overcome, where, 
for example, it is rather a problem how to get the desired shadow conditions 
without unduly exposing the sources of light. In such cases, it was pointed 
out, the diffusion of the light by reflection from walls, ceilings, and even 
floors is a most important item. Objects in general can only be seen com- 
pletely when illuminated by light coming from many different directions, 
and it is the absence of the reflected light which makes the most fundamental 
difference between interior and exterior lighting. Diffusion from light 
surroundings, in short, is one of the most important features in good factory 
lighting. 

Assuming that the requirements of the Committee are readily met, there 
arises a second question, how far it is practicable to determine beforehand 
what the illumination resulting from any arrangement of lamps and reflectors 
will be ? The answer to this question was given by the paper by Mr. W. C. 
Clinton before the Society in 1914, which showed how, by taking sufficient 
care, the illumination could be calculated with considerable exactitude. 
Mr. Dow’s introductory remarks also showed that, even without the refine- 
ments in calculation necessary for exact predictions, the approximate 
illumination can be readily calculated, provided that types of lamps and 
reflectors are used for which the polar curves of light distribution are 
accurately known. During recent years manufacturers of lighting appliances 
have done much to facilitate such pre-determinations, and the development 
of convenient instruments for measuring illumination has provided a means 
of verifying them and given lighting engineers confidence in the results of 
their calculations. 
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In the discussion there was full agreement on this point. It was, how- 
ever, pointed out that in one section fof calculations fuller data are desirable, 
namely, in estimating the effect of reflection from surroundings. Those 
who have had practical experience of various types of lighting installations 
can frequently make a good judgment on this point, and in any case such 
reflected light is usually regarded as a ‘‘ margin in hand,” causing the actual 
illumination to work somewhat higher than that anticipated from calcula- 
tions. Itis thus anerrorontheright side. It would, however, be of interest 
to examine this question somewhat more closely so as to smooth the path 
of those who have not had much experience of such problems. 

We should, however, like to take this opportunity of expressing our full 
agreement with the view that a measurement of illumination alone is not a 
sufficient indication of the adequacy of a lighting installation. The opinion 
is now very generally held that a measurement of horizontal illumination 
is, on the whole, by far the most convenient method of specifying illumina- 
tion at any point; it hardly seems desirable to abandon this simplicity 
and to add requirements as regards vertical illumination. Yet it is of course 
agreed that in many cases good illumination of vertical surfaces is also 
necessary. But this requirement might be met by laying stress on the need 
for good diffusion of light in such cases. If, by subdividing the lighting 
into small units and by judicious utilisation of reflection from light sur- 
roundings, we can secure the requisite uniformity of illumination and avoid 
inconvenient shadows, we shall at the same time secure the desirable 
illumination of vertical surfaces. Another reason for advocating good 
diffusion of light is that severe contrasts in the illumination at different 
points in a room undoubtedly prejudice the effect of the illumination in the 
least illuminated spots. We have an excellent illustration of this in the 
present conditions of lighting in the streets. The effect of passing out of the 
brilliant illumination immediately under the lamps into the dense obscurity 
of parts of the pavement remote from the lamps has often been commented 
upon ; such alternations of brightness and darkness are bound to be incon- 
venient to the eye, and should certainly be avoided in shop-lighting. In 
order to guard against this the Report wisely requires ‘‘ a reasonable uni- 
formity of illumination ” in addition to the minimum requisite in the interests 
of safety. 

In the discussion the view was also expressed that it may not be 
necessary to make many subdivisions in classifying the intensity of 
illumination required for various purposes. There is much to be said for 
this simplification, and it is possible that, with a few exceptions, this 
method might answer, provided it were supplemented by suggestions as to 
the best arrangement and positions of lamps for certain processes so as to 
ensure that the conditions as regards avoidance of glare and proper 
direction of light were also complied with. Doubtless certain broad 
, distinctions, similar to those suggested in the American Code, or in the 
Dutch legislation, might be considered by the Committee. 

In conclusion, we should like to repeat what was stated several times 
in the course of the discussion, that the recommendations in the Report 
are designed to help the manufacturer, and that it has been expressly framed 
to avoid any degree of hardship. This being the case, the fact that a certain 
amount of latitude is allowed, is a distinct advantage. In order to provide 
for the exercise of toleration it is desirable not to make these requirements 
too rigid, and to allow a margin for the exercise of human judgment and— 
we may add—goodwill. 
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The Marking and Rating of Lamps. 


It will be recalled that a discussion on the above subject took place 
about this time last year.* The problem has arisen in an acute form in 
connection with the (so-called) half-watt lamps and other incandescent 
lamps having a special form of filament. This matter is now being discussed 
on the Continent and in the United States. We observe, for example, 
that at the last Annual Meeting of the German Illuminating Engineering 
Society a Report was presented by the Committee on Photometric Methods. 
There was general agreement that, from a purely physical point of view, 
the mean spherical candlepower was the most important ; but for practical 
reasons it was sometimes found inconvenient to depart from the mean 
horizontal or mean hemispherica! candlepower. The Committee therefore 
recommend, as a tentative step, that besides the above quantities the 
figures for conversion to the mean spherical candlepower should also be 
stated. 

The difficulty rests very largely in departure from existing usage. 
We notice that Heyck (Elektrotschnische Zeitschr., Nov. 25th, 1915) 
approves the rating of incandescent lamps in terms of mean spherical candle- 
power, but disapproves of the application of this method to arc lamps. 

Another Continental article (K. Zickler, Elek. u. Masch., Sept. 26th 
and Oct. 3rd, 1915) recommends that the watts, volts and mean spherical 
candlepower should all be indicated on the bulbs of incandescent lamps. 

The Electrical World in commenting upon these papers agrees that, with 
the coming of the gas-filled lamps, rating in mean horizontal candlepower 
has broken down, and that “ there can be no doubt that a spherical candle- 
power basis is technically correct and much superior to a mere mean hori- 
zontal candlepower basis.” It is pointed out, however, that the change 
may be considered inexpedient commercially. “‘ An incandescent lamp of, 
say, 50 candlepower on the old basis might be perhaps only 37 candlepower 
on the proposed new basis. That is to say, uhere would be in many cases 
nothing to indicate the transition from mean horizontal to mean spherical 
candles.”’ 

In an editorial on this subject last yearf we suggested a special method 
of marking, involving the placing of the mean spherical value within a 
circle and the candlepower in other directions ; for example, the horizontal 
or maximum values as diverging rays therefrom. The solution approved 
by the Electrical World is to popularise the lumen; presumably if the 
output in lumens were stated the discrepancy might pass unnoticed. 

It is evident that opinion is veering strongly in favour of a method of 
rating based on the total light given by the lamp. The question of rating 
is important in view of the diversity of types of lamps available—-par- 
ticularly so in the case of new types of high voltage and high efficiency, 
and low wattage. A change in the method of rating would involve fuller 
education of the public in these matters, and literature relating to lamps 
should be prepared with this aim in view. We are glad to see that in 
the latest catalogues, fuller data regarding the performances of lamps, and 
some suggestions on their selection and use are already being given. This 
tendency, we believe, is ina large measure due to the educational influence 
of the illuminating engineering movement in various parts of the world 


LEON GASTER. 


* lum. Eng., April, 1915. 
+ Loe. cit, 
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SOME PRINCIPLES IN INDUSTRIAL LIGHTING. 


With special Reference to the First Report of the Departmental (Home Office) 
Committee on Lighting in Factories and Workshops.) 


(Proceedings at a meeting of the Society held at the House of the Royal Society of Arts, 
London, at 8 p.m., on Tuesday, January 11th, 1916. 


A MEETING of the Society took place as 
stated above, on Tuesday, January 11th, 
Mr. F. W. Goodenough being in the 
Chair. The Minutes of the Last Meeting 
having been taken as read, the Hon. 
Secretary proceeded to read out the 
names of applicants for membership in the 
usual way, and the Chairman then called 
upon Mr. J. S. Dow to open a discussion 
on “ Some Principles in Industrial Light- 


ing.” In doing so Mr. Dow explained 
that it was hoped, by the aid of numerous 
examples of actual gas and _ electric 
installations, data regarding which had 
kindly been furnished by various mem- 
bers of the Society, to show how the 
requirements of the Home Office Com- 
mittee on Lighting in Factories and 


Workshops could readily be met by the 
aid of modern lighting appliances. 

An interesting discussion followed in 
which Mr. H. C. Wheat, Mr. C. C. 
Paterson, Mr. A. Cunnington, Mr. L. 
Gaster, Mr. F. W. Willcox, Mr. O. E. 
Grigsby, Mrs. Cloudesley Brereton, and 
Mr. C. H. Pitman took part. Mr. Dow 
intimated his intention of replying to the 
discussion in the printed account of the 
proceedings. 

In conclusion the Chairman announced 
that the next meeting would take place 
at 8 p.m. on Tuesday, February 22nd, 
when there would be a discussion on 
‘““Some Future Possibilities in the Design 
of Instruments for Measuring Illumina- 
tion (with special reference to photo- 
meters depending on physical and Chemi- 
cal methods). 








NEW MEMBERS. 


THE names Of applicants for membership read out at the previous meeting on 
November 23rd were formally announced at the last meeting on December 10th and 
these gentlemen were formally declared members of the Society. 

In addition, the names of the following gentlemen have been duly submitted to 
the Council and were read by the Hon. Secretary at the last meeting :— 


Freeman, L. 


Electric Contractor, 156, Whitechapel Road, 
Lonpon, E. 
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SOME PRINCIPLES IN INDUSTRIAL LIGHTING 


(With special reference to the First Report of the Departmental [Home Office] 
Committee on Lighting in Factories and Workshops). 


By J. 8. Dow 


(Introduction to Discussion which took place at a Meeting of the Illuminating Engineering 
Society, held at the House of the Royal Society of Arts, 18, John Street, Adelphi, 
London, on Tuesday, January 11th, 1916, at 8 p.m). 


In these introductory remarks the object 
has been to show, by a few typical 
examples, how the requirements of the 
Home Office Departmental Committee’s 
Report on Factory Lighting can be 
readily met by modern methods, and to 
discuss a few of the data on which calcu- 
lations of illumination are commonly 
based. 

The discussion should thus be supple- 
mentary to that at our first meeting this 
session (November 23rd). Since that 
date Vol. III. of the Report, containing 
the account of the observations in fac- 
tories, has appeared. The contents of 
this new volume deserves to be closely 
studied and should be of great value for 
reference for years to come; the volume 
contains by far the most complete account 
yet published of lighting conditions pre- 
vailing in the engineering and textile in- 
dustries. 

As a starting point it is convenient to 
recall the definitions applying to the sug- 
gested general statutory provision “ re- 
quiring adequate and suitable lighting in 
general terms in every part of a factory and 
workshop.” 

* Adequate and suitable lighting,” it is 
suggested, should comply with the follow- 
ing requirements :— 

(1) Adequacy. 

(2) A reasonable degree of constancy 
and uniformity of illumination over the 
necessary area of work. 

(3) The placing of shading of lamps so 
that the light from them does not fall 
directly in the eyes of an operator when 
engaged on his work, or when looking 
horizontally across the workroom. 

(4) The placing of lights so as to avoid 
the casting of extraneous shadows on the 
work, 


In addition, there are the provisions 
2—7 in the Report, relating mainly to the 
minimum degree of illumination (0.05— 
0.4 foot-candles, according to circum- 
stances), which is considered necessary in 
the interests of safety. 


Provision of Required Illumination. 


As the Committee have not yet been 
able to undertake to frame standards of 
illumination required for various kinds of 
work, one can only discuss the first term, 
adequacy, in relation to the general con- 
tents of the three volumes of the Report. 
It may be presumed that the amount of 
light for carrying on work would only be 
deemed inadequate when it was obviously 
below the standard usual for the process 
in question, and manifestly a hindrance 
to the worker. We have, however, in 
Vol. III. excellent information as to the 
conditions which already exist. One of 
the first things which strikes one in read- 
ing this data is the variety in the amount 


of illumination afforded in different fac- 


tories for similar processes. It is evident 
that a general agreement as to standards 
would be very helpful in removing these 
anomalies. Lighting experts would pro- 
bably agree that the average values of 
illumination recorded in these tables could 
be quite easily provided by modern 
methods without undue expense; pos- 
sibly these averages might furnish a rough 
indication as to the amount of illumination 
desirable for the class of work, thus 
paving the way for the standards which 
the Committee have ultimately in view. 
In many cases, both the illumination at 
the point of work and the illumination on 
the floor are stated. After examining 
these figures one appreciates the wisdom 

















of drawing a distinction between the 
general illumination necessary in the 
interests of safety and the illumination 
for the carrying out of work. The exist- 
ence of a moderately high illumination at 
floor-level does not imply that the illu- 
mination on the work is ample. Con- 
versely one may find a high illumination 
on the work but very little on the floor, 
especially when the point of work is a 
good distance from the floor and the 
sources of light are placed close to the work. 
On the other hand, when the nature of 
the work and the arrangement of the 
machines render it desirable to aim at a 
high general working illumination through- 
out the room, one usually provides this 
illumination by means of sources mounted 
near the ceiling. In such cases the mere 
fact of providing adequate illumination 
for the work should ensure that the 
minimum value in the interests of safety 
and convenience will be everywhere 
exceeded. 

These conditions are probably more 
typical of factories in London than the 
mills and workshops, covering a very ex- 
tensive area, in the provinces. I think, 
however, that even in large covered areas, 
where there are spaces between the points 
where work is done, and where it would 
be uneconomical to flood the entire floor- 
area with light, there ought to be no 
difficulty in providing sufficient to ensure 
a minimum of 0.25 foot-candles ; and in 
practice 0.5 foot-candles might be aimed 
at. Probably there are few cases in 
which a system of general lighting would 
be installed with the deliberate intention 
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of producing an even general illumination 
of this value. The illumination would be 
necessarily somewhat uneven, the main 
lighting being of the localised- general 
character, helped out by occasional units 
when the illumination was inclined to fall 
too low. The conditions would then 
resemble those met with on a platform in 
the tube railways. I think most people 
would agree that this illumination is 
ample from the standpoint of safety: it 
is probably at least twenty times that con- 
sidered ample when the first tube was 
opened ! 

In order to illustrate the full manner 
in which the data are presented in Vol. IIT. 
of the Home Office Report I am repro- 
ducing two typical pages (pp. 44, 45). 

The table on p. 45 is chiefly interest- 
ing because it shows how high values 
on the work (2.4—5.8) may coexist with 
much lower values (0.4—0.58) on the 
floor. 


The other page is useful as show- 
ing a case where values on_ the 
floor (in this case 0.2 ft. candles), in the 
neighbourhood of those required by the 
Committee, were considered sufficient 
from the standpoint of safety and con- 
veinence. 


From the discussion at the meeting on 
November 23rd, it would appear that the 
general illumination prevailing in modern 
factories is apt to be over-estimated. A 
general illumination of 3 foot-candles 
appears to be extremely rare, as is shown 
by the following table, taken from the 
Departmental Report (Vol. I., p. 42) :— 








Percentage of Observations lying below the following values of 


illumination, 















Below. | Below. } Below 
= 0.25 0.5 0.75 
ft. ¢ ft. ¢. ft. ¢ 
(1) (2 (3) (4) 
Per cent.|Per cent.|Per cent. 
Foundries a 36 63 76 
All Factories, exclud- 
ing Foundries 24 52 71 
All Factories, includ- 
ing Foundries 28 55 71 























| ] 

Below. | Below. | Below. | Below. | Below. 
Lo | 1.25 1.5 1.75 2.0 
at.) 0; ft. c. fi oc | fi © ft. ©. 
(5) | (6) (7) (8) (9) 
Per cent. Per cent./Per cent.|Per cent. Per cent, 
85 90 93 95 96 
83 91 96 97 98 
82 88 93 96 97 





(Reproduced by permission of His Majesty's Stationery Office.) 
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Industry. —Flax spinning and linen weaving. Room No.—!¥«. 
Process. —Preparing. Height. —10 ft. to 16 f 
Operatives.—27. Floor epace.—8,500 sq. ft. 
Date.—18th-19th December 1913. Cabiec contents.—110,000 cub. ft 















Description of Means of Lighting. 



































’ ‘ 
OI ne A ease Maat [arse [ srg | soar 
| Roof | Wall. | ON. | 8. E. | Ww. Sources. : 
Number - .| oe l Kind | Blacttie, 
Total area (6q. ft.) 870 | 360; — | — | 360! 870 | glow 
Distance— | | lamps, 
(a) basctofloor; — {| — _ — |43" lo Number 70 1 
(b) top to ceilings, — | — _ — {|r roof, 
of glass - | Mostly clear - — _ — Candle- | | | 
Fraction of un- power -, 16 ' 
obstructed sky | i Height Soon ! 
visible — from | | floor 
centre of room | 0 Of - |; — — -- Distance 
Angle of ob- ' | { hetween—| | 
struction by | | } (a) rows - | Ll'to -_ 
neighbouring | : (b) units in | 
huildings : . | 1 orto sume Tow 7 
Distance from | | = , 
nearest a. - j- a Adjustable No | | 

















Results of Observations. 



























| | Natural Light go 
Point — Raetairets eae | Mor 
= POSITION, iumination Daslie wt Hiumina-} Committee's Comments, 
Plan. | Hour. | - | A | Jom | (Opixion ax to adequacy, Se.) 
| | Inside, | Outside, Maer cent), _(Foat- | 
—— - ' | ah : candles) | a byob een SO 
| \ | 
A. | Roving frame - 1 DIBE pm 1d, nH 12 OR | heii by Daylight. 
B. | ” ~ 1 1-3, los; 1S 024 | Poor light at centre due 
Cc. | Floor . 13a . 1 as lw 1S 0 23 | to side-window lighting and 
dD. | Drawing frame -~ 1238 = ou | 105 old 0-77 | obstruction by machines. 
E Floors - a ae O-08 | 105 o-o8 Ove | 0-05 to OS per cent. day- 
r. Drawing tiane 33 lw 0-06 Mi 0-08 » light factor. 
G i name is . art loo 024 | cali, . 
H ! — —. \127 | Ow | w os, | Inspected hy Artificial Light. 
K. , Drawing frame } 1.28 2-5; 46 e508 The artificial tight was by 
i. Floor . | 1.284 5-8 i 105 5S. 0-16 exposed carbon glow lamps 
M | Drawing frame ' 129 374 105 3 


| 
5 o 5, | and was not pleasing. 
‘ \ Hlumination on frames: 2 to 

| 0 8 foot-candle. ilumina- 
| | , tion in gangway 0°2 foot- 
| candle. This gangway was 
| | wide and without shadows, 
| and the illumination ap- 
peured sufficient in the 
| | opinion of the Conunittee, in 


fact seemed above the mini- 
{ nium necessary 











Meteorological Conditions.— Atwwosphere hazy, sky overcast, very dull (1% 12.13.) 
Plan of Room, with Observation Points indicated. 
(Shaded parts represent windows.) 
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2 2 ee er 7 








© ® @) 

















Reproduced from Vol.111., Report of the Departmental (Home Office) Committee on Lighting 
in Factories and Workshops, p. 30, by permission of The Controller of His Majesty's 
Stationery Office. 














Industry. 
Process. 
Operatives.—185. 


Lanen weaving. 
-Weaviny. 


Date.—22nd-23rd December 1915. 
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Room No, —24. 
Height.—12 ft. to 15 ft. 
*Fluor space.—27,000 sq. ft. 


Cubic contents. —365,090 cub. ft. 





Description of Means of Lighting. 












































k | PosiTION. ORIENTATION. ABTIFICIAL ; ire. : 
SS ~-— Lickt | ee System oye 
. Roof. | Wall N 8. f W SOUBCEs. Y | i ! 2 
Number - . 14 — 14 — -- _ Kind - | Electric 
Total urea (uy. ft.) 5,800 =a aee ss feo -- glow | 
Distance— ook H lampe. | 
(a) base to floor, — | —f[- = —-{|-— Number - | 480 | 
(6) toptoceiling — | —J,%P)) — | — ~ Candle- | 
Kind of gluss - ‘Ribbed | — -/|-—- _ -— power - 25 | 
Fraction of un- } ' Height from | 
obstructed sky i ) floor : By j 
visible from | i 
centre of room | 1 — = —-_ir-st = Distance | 
Angle of ob- between — | 
struction by | (a) rows -' 9 | 
neighbouring ' (b) unite in | 
buildi -fo— — _ — - — game row 6 | 
Distance from | } 
nearest building§ — | — _ _ -!-—- Adjustable No | 
| L : j | 
Results of Observations. 
f i ; Artificial | 
aie Natural Light. We: | 
on | POSITION. Wluminatioa, | Daylight ;!Wumina-| = Commnttee’s Comments. 
Plan. | Hour —— raat rE Factor (Foot- | (Opinions as to adequacy. A.) 
ieee | a ee ae : 
A. | Cloth on loom- - |10.224am| 4:2 | 480 | 0-8 | 4:0 | Inspected by Artificiul Light. 
B. Floor - - 10.234 ., | 5°3 480 isd 0°58 re) 16. dle | vith 
C. | Clothonloom- -|10.244,, | 8:4 480 1:7 | 1-8, deep shade to each loom, 
D |» = + eee | i | eT Se Oe | ee 6 we 8 ee 
S. | - ‘6 - - 110.27 ,, | 12°, 480 2-6 2-5. candles on loom. Very 
; 4 ee : “1408 3:9 540 0:7, 0°40 ‘of, 
F. | ee joe HE oe . 2 , satisfactory system. free 
G. | Cloth on loom - - {10.29 | MG's 510 3" H rah from glare. Some unshaded 
H. | = He. Ss 10.30, | 12", 510 ie fame A lights were compared with 
K. | % ” 110.31 . | 5°5 510 1-1 | 2°4; properly shaded ones and 
I Fl - - - | 10.32 i 3:8 540 O°% | 0°58 : ; 
Sp eed ess ied (nee ae “o , the difference in comfort 
M | Cloth on loom - : | 10.33 ,, ! 13°, 510 26 | 43 and efficiency wax marked. 
An excellent installation. 
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Meteorological Conditions.—Atmosphere hazy; sky blue; sun. (23.12.13.) 


Plan of Room, with Observation Points indicated. 
(Shaded parts represent windows.) 
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Reproduced from Vol. 111., Report of the Departmental (Home Office) Committee on Lighting 
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It will be seen that 2 foot-candles was 
only attained in 3 per cent. of the factories 
visited, while 28 per cent., or nearly a 
third, fell below the minimum of 0.25 
foot-candles suggested. If, therefore, all 
factories were brought up even to this 
level a substantial improvement would 
have been made. 

Before leaving the question of the 
minimum intensity of illumination re- 
quired from various standpoints, reference 
may be made to two publications in which 
this question has been discussed. There 
is firstly the well-known booklet on In- 
dustrial Illumination, issued some years 
ago by the National Electric Light Asso- 
ciation in which the usual practice for 
various trades was summarised in a very 
admirable manner, After examining 
these figures closely, one is inclined to 
think that perhaps it is hardly necessary, 
with our present knowledge, to attempt 
to discriminate quite so closely between 
the requirements of different operations as 
in this production. The following rough 
classification contained in the recent Code 
prepared by a committee of the American 
Illuminating Engineering Society might 
perhaps serve as a useful guide :— 





| Minimum | Desirable 


\illumina- | illumina- 
| tion (ft.- | tion (ft.- 
| candles.) | candles.) 


Class of Work. 


Storage, passage-ways, 
stairways, and the 
like .. - “ 

Rough manufacturing 
and other operations 

Fine manufacturing 
and other operations 

Special cases of fine 
work ° 





The first value happens to be near 
with that suggested in the Report of the 
Departmental Committee for the illumina- 
tion necessary in the interests of safety. 
The other three values come under the 
head of illumination for the carrying out 
of work. It may be suggested that almost 
all industrial operations might be classified 
under one of these heads, so far as the 
amount of illumination required is con- 
cerned, 
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It should be particularly noted, how- 
ever, that merely specifying a certain 
illumination on the work is not enough 
to secure “ adequate and suitable light- 
ing.” The illumination must also comply 
with the requirements stated above as 
regards uniformity of illumination over 
the working area, avoidance of glare, and 
avoidance of inconvenient shadows. 

These are all questions which have often 
been discussed at meetings of our society, 
and have received the attention of firms 
interested in illumination. The pro- 
vision of a uniform illumination is mainly 
a matter of arranging the lighting units at 
suitable distances according to their dis- 
tribution curves, and in cases where it is 
necessary to light a large area equally at 
all points a high standard of uniformity 
can be obtained. In such cases a varia- 
tion of not more than 25 per cent. on the 
work might perhaps be anticipated. 

In many cases, however, even a con- 
siderable variation in illumination would 
not be objectionable from the standpoint 
of efficiency and comfort of workers—pro- 
vided the illumination on the work always 
exceeds a satisfactory value; in other 
an excess of illumination in some places 
is not as a rule detrimental to work, but 
a variation in the form of too low an 
illumination at certain points would be. 


Avoidance of Glare. 


The next. consideration, the avoidance 
of glare, is an exceedingly important one. 
This is the requirement which, of all 
others, is apt to be disregarded in factory 
lighting, and Vol. III. of the Home Office 
Report contains frequent objections to 
installations on this ground. Yet, so far 
as those who scheme out factory installa- 
tions are concerned, there is now general 
agreement that glaring points of light 
within the range of vision should be 
avoided, and the explanation of defective 
installations lies more often in the in- 
difference of the public who have not yet 
learned that exposed brilliant lights are 
necessarily wasteful, and even insist on 
them. No doubt the issue of the Home 
Office Report will have a good influence in 
this respect. I think, however, members 
of the Society will agree that by the aid 
of modern appliances it should be prac- 
ticable in almost every variety of installa- 
tion to comply with the Committee’s sug- 
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Fic. 1.—Overhead Electric Lighting in an erecting shop, 160 ft. long. 63 ft.wide, 36 ft. high, 
by two rows of six 400-watt tungsten lamps in reflectors at a height of 33 ft. Consumption 
approx. 0°5 watts per square foot. Illumination 2'2 ft.-candles. 


a 


a, & 


Fic. 2.— Overhead Lighting of a shop 280 ft. long, 240 ft. wide, by flame arcs at a height of 
20 ft. from floor. Illumination 2’6 ft.-candles. 
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gestion, namely, “ the placing or shading 
of lamps so that the light from them does 
not fall directly on the eyes of the operator 
when engaged on his work or when look- 
ing horizontally across the workroom.” 
The installations where it would probably 
be most difficult to meet this requirement 
are those carried out in rooms with rather 
low ceilings. However, seeing that the 
use of an appropriate reflector almost in- 
variably tends to increase the light on the 
work, there is clearly no hardship in asking 
that such lights should be screened. 


Avoidance of Inconvenient Shadows. 


The last requirement, relating to the 
avoidance of inconvenient shadows, is 
clearly one whose application will have 
to be studied by practical experience. 
For the present, no doubt it would serve 
chiefly to enable inspectors to advise 
managers of factories to make small ad- 
justments in the positions of lamps, &c., 
in cases where the wrong direction of 
light, by causing a deep shadow, was 
obviously causing inconvenience to a 
worker or a possible source of danger As 
instances, one might mention the presence 
of an inconvenient shadow at a cutting 
edge or circular saw, or the shadows 
thrown by projecting masses of machinery 
causing moving parts to be in semi-dark- 
ness. 

I am inclined to think, however, that 
the part played by shadows in industrial 
lighting deserves much fuller investigation 
than it has yet received. One often finds 
that an objection to a system of lighting 
on the ground of insufficiency is really 
due to the light coming from the wrong 
direction ; and I believe that the differ- 
ences in the requirements of different 
industrial processes are based even more 
on shadow than on intensity of illumina- 
tion. Lighting experts should bear this 
in mind, when they meet apparently un- 
reasonable prejudices on the part of 
clients. The latter sometimes express an 
objection to some method of lighting, 
which they are unable to explain com- 
pletely, but which on closer examination 
proves to be well justified. In rooms 
filled by different classes of machines such 
considerations may considerably dis- 
arrange a regular system of spacing the 
lamps, 


Speaking generally, the requirements 
as regards ‘“‘ adequate and suitable light- 
ing” would be readily endorsed by light- 
ing engineers, and on pages 47, 50, 51, 
55, and 57 a few typical illustrations of 
factories, lighted by gas and electricity 
respectively are reproduced in order to 
show that these requirements are easily 
met. 


Prediction of Illumination. 


Assuming, however, that in good 
installations an illumination is commonly 
provided which more than meets the 
Committee’s requirements, the next ques- 
tion is whether it is practicable to deter- 
mine in advance the actual illumination 
that will result from a given arrangement 
of lighting units in specified positions ; 
to make sure, in fact, not only that the 
requirement as regards the minimum 
general illumination for safety in working 
areas is satisfied, but that the illumination 
at the point of work is also ample. 

To those who are responsible for the 
planning of lighting installations it may 
seem almost superfluous to raise this 
question ; and in fact it was conclusively 
shown in a paper by Mr. Clinton before 
this Society in 1914* that by taking suffi- 
cient care the illumination obtainable may 
be calculated with considerable accuracy. 
But the fact that it was recently stated in 
a leading technical journal that ‘‘ no one 
can calculate beforehand how much light 
will be required and how much will be 
obtained by any suggested arrangement,” 
shows that the resources of modern 
illuminating engineering in this respect 
are not sufficiently widely known. The 
view that illumination can be pre-deter- 
mined with quite sufficient accuracy for 
practicable purposes was endorsed by a 
number of witnesses before the Committee, 
representing both gas and electric lighting. 
I propose to give a brief description of 
some of the methods most commonly 
used for this purpose, dealing, however, 
only with the simplest aspects of the 
subject, and without entering into the 
more complete systems adopted by com- 
panies having very full data at their 
disposal. 

A few years ago, it would certainly have 
been difficult for any engineer to make 





* Illuminating Engineer, April, 1914, p. 189. 
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these calculations without preliminary 
tests of the lighting units he proposed to 
employ. But at the present time leading 
companies issue polar curves of light dis- 
tribution of their standard units, and it is 
therefore easy to calculate not only the 
illumination immediately under the lamp 
when hung at a prescribed height, but also 
the illumination at a given distance from 
it. If a lamp hung at a height h, gives 
a candlepower I in the direction imme- 
diately below it. the resultant illumination 
under this lamp is I/h?. If we next select 
a spot at a distance r from the point im- 
mediately below the lamp, and if the 
candlepower in that direction is Ig the 
resultant horizontal illumination is 


To sa... To.h 

E yz °8 6 Par 
These are formulae which are perfectly 
familiar to lighting engineers, and can be 
applied by anyone with engineering 
knowledge. If we are dealing with two 
lamps in a row we can by using the above 
formula obtain the illumination from 
either at any point between them, and, 
by adding up, the resultant illumination 
due to both units. 

The aim of the designer of a lighting 
installation is, as a rule, to adjust the dis- 
tance between the two lamps so as to 
secure approximately even illumination 
between them; or, if he does not wish 
tu do this, he can, by the above calcula- 
tion, readily predict what the approximate 
variation will be. 

Makers of modern lighting appliances, 
however, have simplified these calcula- 
tions by furnishing information regarding 
the best relations between the height and 
distance apart of lamps in order to secure 
even illumination. Three distinctive 
types of distribution curves, correspond- 
ing with “ extensive,” “intensive,” and 
* focusing ” reflectors have been adopted, 
and anyone who adopts these methods can 
see from the data provided what the 
direct illumination with the lamps at a 
given height may be. It is true that in 
practice one cannot always adhere to 
these rules exactly, but as a rule the 
deviation resulting from a departure need 
not be large, and can, with a little trouble, 
be allowed for. 

(In passing I should like to mention 
that, while one can easily get full in- 


formation of this kind regarding direct 
lighting, similar data for indirect lighting 
are not usually obtainable. Would it 
not be practicable, in this case, to furnish 
data for the spacing of units, and possibly 
even approximate information as to the 
resultant illumination ? Those who have 
had experience of indirect installations 
can form a fair estimate of the results 
from a given arrangement, but many 
engineers are less certain of the results, 
than in dealing with direct lighting.) 

It will be observed that the above data 
refer to the direct illumination from the 
lighting units, and take no account of 
light reflected from walls and surround- 
ings. It is here that less certainty is felt, 
although the experienced can form a very 
fair estimate of the added illumination, 
with a known type of lighting. In some 
cases an allowance may be made, but if 
little is known as to the nature of the 
interior in which the lights are to be 
installed, it is a safer plan to regard the 
added light by reflection as a margin of 
safety, with the comforting knowledge 
that the illumination will certainly not 
fall below the estimated value, and may 
exceed it by 25 or even in exceptional 
cases 50 per cent. 


The general tables frequently given for 
calculating the effect of surroundings are, 
in the writer’s opinion, not very valuable, 
because they do not take into account the 
size of the room or the variations arising 
through the use of particular types of 
units. A somewhat better method is 
furnished by some diagrams recently pub- 
lished by Mr. 8. W. Cuttriss for E, I, and 
F reflectors, which profess to take into 
account reflection from average surround- 
ings.* 

The following rough rule, given in the 
American “Code on Factory Lighting,” 
is worth bearing in mind :— 

“With modern lamps roughly one 
candlepower per square foot produces an 
effective illumination of 3 foot-candles 
when the lamps are arranged according to 
the uniformly distributed overhead 
system, with mounting heights ranging 
from 12 to 16 ft. above the floor, and 
when the light is directed from the lamps 
to the work in an efficient manner.” 





* Elec. Engineering, September 9th, 1915, 
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Fic. 3.--Gas Lighting (low pressure) of a small workshop with well-screened lamps. 
Illumination, provided by local lights, on the benches on the right, 13—20 ft.-candles ; on the 
tables in the centre of the room the general illumination was 5°7—10.5 ft.-candles ; at floor- 
level in gangway, 6°1—7°‘1 ft.-candles (see also J//um. Eng., Aug. 1915, p. 339. 


~ 








Fic. 4.—Local Electric Lighting in a Printing Works. Illumination on the tables, 7--11 {t.- 
candles ; in gangway, 1—3 ft.-candles (approx.). The lighting here is on an exceptionally 
generous scale and the illumination was aided by reflection from light walls and ceiling. 
In another room, also well lighted but with less powerful lamps, values on the floor near 
0'5 ft.-candles were recorded, 
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Fic. 5.—Typical general gas lighting (low pressure) in an cnginecring workshop. 


Fic. 6.—Gas lighting (lowipressure) in a laundry. On benches over 4 ft.-candles ; in 
gangway, 1°66 ft.-candles. 


(For other examples of low pressure gas lighting see I//um. Eng., Aug. 1915., p. 430.) 
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The writer as the result of tests in 
average interiors during recent years has 
been accustomed to reckon general 
lighting installations on the following 
approximate basis. Naturally these data 
only apply to cases in which an even 
general illumination is aimed at, and 
typical properly designed lighting units 
are used ; they are also subject to some 
modification when one is dealing res- 
pectively with very large or very small 
interiors. But they are fairly useful as 


a rough preliminary guide :—- 





or 

| Specific consump- 

| tion per lumen on 
working plane. 


Iiluminant.' System of 


Lighting. 


| | cub. ft. per hr. per 
, ft.-candle per sq. 
ft. illuminated. 
Direct :— 
Low pres. 
High pres. | 
Indirect :— 
Low pres. 
High pres. 


0-01 —0-02 
0-003—0-1 


0-02 —0-04 
0-005—0-02 





Watts per ft.- 
candle per sq. ft. 
illuminated. 
Direct :— 
Tungsten 


Electricity 


lamps 
White arc 
and _ half- 
watt lamps 
Flame arc 


0-2 —0-3 


0-1 —0-2 
0-05—0-1 


Indirect :— 
Tungsten 
lamps 
Are and 
half-watt 
lamps 


0-4 —0-6 


0-2 —0-4 








In these cases the illumination referred 
to is that on the working plane, i.e., the 
level of the tables and benches where 
work is carried on. But it must not be 
inferred that the light directed on the 
surroundings is wasted. In many cases 
where the illumination of large vertical 
surfaces, diagrams, shelves, &c., is im- 
portant the additional illumination shed 
in these directions by indirect and semi- 
indirect systems is a compensating advan- 
tage for the relatively lower illumination, 
for a given energy expenditure, on the 
working plane. 

The necessity for allowing a certain 
amount of light to surroundings is one 


explanation why what is called the 
“ utilisation efficiency”’ (the percentage 
of the total flux of light from the lamp 
received on the working plane), works 
out to a somewhat low value, frequently 
not more than 40 or even 30 per cent. 
Another explanation is found in the fact 
that, with existing filaments, there is a 
limit to the degree of concentration one 
can obtain from an ordinary reflector ; 
possibly were we to use sources more 
nearly approaching a point “ super- 
focusing ” effects could be obtained, and 
for certain classes of work this might be 
an advantage. 

It may be observed, however, that the 
proportion of the total amount of light 
reaching the working plane tends to in- 
crease as the area illuminated increases 
(assuming that lamps are kept at the same 
distance apart). For this reason one 
finds that in very extensive installations 
higher values of illumination are obtained 
than one at first sight would expect. At 
the other end of the scale one finds that 
very small interiors, with light walls, also 
give high results because much of the light 
emitted sideways is redirected on to the 
working plane. 


General, Local, and Localised General 
Tnghting. 

Both in framing rules for the calculation 
of illumination, and in devising recom- 
mendations regarding the arrangements 
of lamps with respect to work, the avoid- 
ance of glare, &c., one has to draw a 
distinction between general and local 
lighting. There is no doubt that the line 
of demarcation between these two 
methods has shifted considerably during 
recent years, and it occurred to me that 
it would be of interest to conclude this 
paper with a few remarks on this subject. 
It has been customary in the past to dis- 
tinguish between the respective fields for 
employing for “general,” “ localised- 
general,” and “local” lighting. General 
illumination is admittedly the best 
system for a workroom when it is desired 
to illuminate the entire area of the 
room equally well all over. When a room 
is almost completely filled by rows of 
workers engaged on identical operations 
one should clearly aim at a well-diffused 
flood of illumination over the working 
area. It was formerly the custom to treat 





THE ILLUMINATING ENGINEER (Fes. 1916) 53 


such rooms by pendant lamps over each 
individual machine or group of machines, 
to allot so many lamps per bench, &c., 
the lights being usually of relatively small 
candlepower, and mounted only a few 
feet above the working level. The deve- 
velopment of more highly efficient gas 
and electric units during recent years has 
quite changed this problem. The ten- 
dency now is undoubtedly to use more 
powerful lamps, if necessary, in suitably 
concentrating forms of reflectors, and to 
place them high up near the ceiling, at 
the same time taking full advantage of 
the reflecting power of light surroundings. 
This “ overhead system ” does away with 
long lengths of wire or piping, and leaves 
the room completely clear so that the 
foreman can see from end to end. This 
system is advantageous from the stand- 
point of avoiding inconvenient shadows, 
and it has the great merit that the position 
of benches and machinery can be altered 
without its being necessary to rearrange 
the positions of lamps. 

In rooms that are satisfactorily lighted 
on the above system the illumination re- 
quisite in the interests of safety will 
almost invariably be exceeded through- 
out. If the illumination is well diffused, 
and provision for local lighting of certain 
machines is made, one would even recom- 
mend general lighting in rooms which are 
filled with machines of different char- 
acter, the floor space being completely 
occupied. 

‘Local lighting is still regarded as 
essential in cases where the work is of a 
specially delicate or complicated char- 
acter. The rise in the standard of 
illumination during recent years, and the 
development of better types of reflectors, 
has certainly resulted in general lighting 
being applied in many cases where local 
lighting would once have been considered 
necessary. But there still remain many 
operations where a local light is needed, 
chiefly cases where the illumination must 
reach an exceptionally high value—such 
could not economically be provided 
throughout the entire room, or when the 
efficiency of the work depends on the play 
of light and shade, and the craftsman 
likes to alter the position of the material 
with regard to the light in order to detect 
small irregularities on its surface. 

A good example of the transition stage 


from local to general lighting is afforded 
by offices. Formerly in large offices, 
banks, &c., every clerk had his own 
individual shaded lamp. More recently 
general diffused illumination has been in- 
troduced, and the development of illu- 
minants certainly makes this system 
much more practicable than in days gone 
by. The local system is, however, still 
preferred in many offices, and it remains 
to be seen whether it will be displaced 
entirely. One point in connection with 
local lighting may be insisted upon, the 
provision of a moderate general illuminant 
in addition to the strong local lighting, 
so as to avoid undue contrast between 
the illumination of the work and the 
surroundings. A general value of at 
least 0.5—1 foot-candles might be sug- 
gested. On the other hand, when general 
illumination is used one must guard 
against too little contrast ; one frequently 
hears it said that the eye likes to be 
“rested”? by the gaze being transferred 
from the brightly illuminated work to the 
subdued surroundings. The physio- 
logical basis of this problem is still obscure 
and requires further study. 

It is sometimes said that the so-called 
“* localised-general ” lighting is destined to 
disappear entirely, and that presently we 
shall have only local or general illumina- 
tion, or a combination of the two. At 
the present time, however, there seem to 
be classes of rooms where something 
resembling localised general lighting is 
inevitable. For example, in rooms where 
the ceiling is low it may be impracticable 
to produce well diffused general illumina- 
tion throughout the room, and the right 
course is therefore to attend to the re- 
quirements of the various machines, if 
necessary, supplementing this system by 
extra intermediate lights where necessary 
to bring up the floor-illumination to a safe 
level. Individual lights for certain 
machines or tables are again used in those 
workrooms (more common in provincial 
and country districts than in London), 
where large portions of the floor are left 
unoccupied, and the manager does not 
see the necessity for providing a strong 
illumination except at the places where 
actual work is going on. Basement 
printing works often fall in this class, 
partly on account of the nature of the 
work, partly owing to the ceilings being in 
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general low. In other cases the nature 
of the work makes it necessary to leave 
large free spaces for material to be trans- 
ferred from lifts and unpacked ; in yet 
other cases it may happen that only 
certain machines are used at the same 
time, and the whole floor is never at work 
simultaneously. In such cases the light- 
ing must be “ sectioned,” even if on the 
general system. 

As an instance of an industry where 
local lighting seems likely to be replaced 
by general illumination, one may take 
clothing factories. Here we usually find 
that an entire room is occupied by rows 
of sewing machines doing almost identical 
operations, but the illumination requires 
to be exceptionally high, especially when 
dark materials are used, and local lighting 
has therefore been hitherto largely em- 
ployed. In one of the very latest fac- 
tories now working on khaki material, 
general lighting with half-watt lamps has 
now been adopted. 

In one room the consumption is about 
1.25 watts per square foot of floor area, 
and the general illumination is 10—12 
foot-candles. (This value is somewhat 


higher than is actually needed, owing to 


the fact that at the time the installation 
was made only 300 watt “ half-watt ” 
lamps were available.) 

In the second room the consumption 
is 0.75 watts per square foot, and the 
illumination 7—9 foot-candles. The pro- 
vision of such a high general illumination 
is somewhat unusual but has proved very 
advantageous, and is adapted to the finest 
work and the darkest materials. The 
spacing of the lights in appropriate re- 
flectors, and the good reflection from the 
light surroundings, enables any ordinary 
kind of work to be done, whereas with the 
old system of local lighting there were 
certain operations (sewing button holes, 
for example), which were hampered by 
inconvenient shadows. 

In spite of the lavish illumination, the 
running cost of the lighting is very reason- 
able. In most industries where highly 
skilled operations are carried on, the cost 
of lighting forms only a small proportion 
of the turnover. 

The above example is interesting as a 
change from local to general illumination. 
The problem of lighting sewing machines 
can, however, be met in quite a different 
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Fic. 7,‘ Local” Lighting of Sewing 


Machines. 


60 watt lamps in suitable reflectors which 
completely screen the light from the eyes of 
the operators, at a height of 23 feet above 
table. Note the extra light at end of bench 
to avoid inconvenient shadows. 


Crosses indicate position of machines. Dots 


indicate position of lamps. 


























Fic. 8.—General Lighting of Sewing Machine 
Benches, 


200 watt “ Half-Watt” lamps 10 feet above 
floor and 12—14 feet apart, give an illumina- 
tion of about 8 ft.-candles. Reflectors appro- 
priate for spacing (intensive). Benches are 
usually about 43 feet across, and machines 
3—34 feet apart. 


A photograph of an installation designed in 
this manner is shown on the opposite page. 
Crosses indicate position of machines. Dots 

indicate position of lamps. 











kiG. 9.—A system of Special Local Lighting of 
Sewing Machines. 


A 6-volt 5°5.¢.p. glow lamp with small para- 
bolic reflector, placed about 6 inches from 
the needle, gives very strong illumination of 
the work, and the light is completely 
screened from the operator, 











Fic, 10.—Consumption 1°25 watts per square foot. Illumination 10—12 {t.-candles. 








Fic. 11.—Consumption 0°75 watts per square foot. Illumination 7—9 {t.-candles. 


Lighting of a Clothing Factory with Half-watt Lamps. 
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manner, namely, by the use of very small 
lamps, mounted close to the needle of the 
machine, so as to constitute a variety of 
“special local lighting.’ On _ this 
‘“Permel” system miniature 6 volt, 
5.5 candlepower lamps in small parabolic 
reflectors are placed about six inches from 
the point of the needle, the lamp being 
completely screened from the operator 
and .a very strong local illumination 
obtained. The system is most conveni- 
ently applied from an alternating current 
circuit. The pressure is transformed 
down to 6 volts ; if alternating current is 
used, one 125 watt transformer will supply 
23 machines. The small lamps may also 
be fed by a rotary converter or even 
from a battery of accumulators. Natar- 
ally the use of such small lamps is a great 
economy, and the system seems well 
adapted for very fine work. It is, how- 
ever, necessary to supplement this intense 
local illumination by a suitable general 
lighting, so as to avoid undue contrast 
with the surroundings and permit super- 
vision of work. This is a good example 
of a case in which the minimum illumina- 
tion on the floor, prescribed by the Com- 
mittee, in the interests of safety and con- 
venience, would be of great importance, 
quite apart from that provided for the 
work, 

The varied applications of local and 
general lighting are also well exemplified 
in machine shops. In an erecting shop 
a good general illumination is necessary 
as a basis, and some good examples of the 
overhead system are reproduced (Figs. 1, 
2 and 12). Even here, however, portable 
lamps may be desirable for close inspection 
of special work, while it would generally 
be agreed that lathes and benches require 
either local or localised general lighting. 
For fine work, ability to adjust the position 
of the light is of importance, and in deep 
boring it may even be an advantage to 
have a small light which can be actually 
inserted into the. aperture. 

In these cases, and likewise in the 
illumination of drilling and __ planing 
machines, the direction from which the 
light comes is important, and good 
general illumination alone is probably 
hardly sufficient. Automatic machinery 
is really a special case in itself, in view of 
the fact that the special local illumination 
is really only required in setting the tool 


and arranging the work; once the 
machine is set in operation a moderate 
general illumination suffices. This illus- 
trates the distinction between “ inspec- 
tive’ and “ detective’ work drawn by 
the Committee. 

Another circumstance that has favoured 
the use of general illumination for factory 
lighting is the simplification of machinery 
and diminution of shafting and_ belts, 
owing to the application of local electric 
driving. Generally speaking, in machine 
shops where there are a large number of 
moving belts and overhead shafting general 
lighting is inapplicable, owing to the in- 
terruption and flickering shadows caused 
by these moving objects; local lighting 
must therefore be used. The same applies 
to weaving rocims in textile mills, except 
that the method in this case might more 
fitly be described as localised general 
lighting, seeing that one light is com- 
monly allotted to two or four looms. 
But here again in the very latest mills 
the obstruction to light from above has 
been diminished, and a well diffused 
system of general lighting might in this 
case be practicable. 


There .are many points in connection 
with industrial lighting, such as the 
choice of large or small units, the effect 
on the illumination of deposits of dust oa 
the lighting units, the need for correct 
colour discrimination in certain trades, &c. 
In order to keep this introduction within 
reasonable limits, I have also confined 
myself to artificial illumination. Vol. III 
contains very full data on daylight con- 
ditions, but these deserve separate con- 
sideration. 

I should, however, like to conclude 
these remarks by reference to one other 
matter-—the importance of reflected light 
from the surroundings. Attention to this 
point will assist almost all the require- 
ments of the Home Office Committee, and 
will do much to compensate for unsatis- 
factory features in the design. This re- 
flected light is most valuable in strengthen- 
ing the illumination in parts of the room 
most remote from the lamps, and keeping 
it above the minimum necessary for 
safety. In addition, it is now recognised 


that most objects cannot be completely 
seen unless they are illuminated from 
many different directions. It 


is the 
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Fic, 12.—Overhead Lighting in Engineering Workshop : general illumination 1°:1—1'82 ft.-candles 
Illumination on fitter’s bench, 8—12’5 fi.-candles. 
Ilumination on milling machines, 3°2 ft.-candles. 
Illumination on lathes, 3°5—8°5 ft,-candles. 











Fic. 13.—Swiss Milk Factory (see also J//um. Eng., Aug. 1915, p. 342). 
Illumination on floor, 2 ft.-candles ; at points of work, 3°2—5'5 ft.-candles. 


Two examples of Modern High Pressure Gas Lighting. 
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absence of these reflected rays which 
makes outdoor lighting such a difficult 
matter, even when the illumination is 
from a photometric standpoint relatively 
high and uniform. So well is this recog- 
nised that in some factories in the United 
States, not only the ceiling and walls, but 
also the floor and the non-moving parts of 
machinery, are painted in a light colour. 
Something might also be learned from the 
prevailing conditions in our streets. The 
practice of using whitened kerbs might be 
copied more frequently in the case of 


platforms, stairways, &c., and in all 
places where a fall might have serious 
consequences. 

In conclusion special acknowledgment 
should be made of the courtesy of the 
following firms, who, among others, have 
furnished photographs and data regarding 
lighting installations :—The Gas Light & 
Coke Co., the South Metropolitan Gas Co., 
Messrs. Jas. Keith and Blackman, Ltd., 
Holophane Ltd., The British Thomson 
on Co., Ltd., and Benjamin Electric 
itd. 


DISCUSSION. 


The CHAIRMAN, in | expressing the 
thanks of the Meeting to Mr. Dow for his 
very comprehensive, interesting and well 
illustrated paper, remarked that it was 
not so much controversial as informa- 
tive; it did not call so much for dis- 
cussion as for study. At any rate that 
was his opinion, although it might not be 
shared by others who were present, 
and it was possible—indeed he hoped— 
that there would be an interesting dis- 
cussion. 


The only point he himself had noted 
was Mr. Dow’s query as to whether local 
or general lighting was desirable for 
offices and banks. In his opinion with 
the possibility of getting good general 
illumination at a moderate cost, the 
desire for local illumination would largely 
die out, but it all depended upon the 
intensity of the application to the work 
that was called for, because in the case 
of work demanding intense concentration 
of the eyes for lengthy periods as in 
sorting letters, the workers usually found 
that it was much more restful to be able 
to glance up occasionally from the work 
to darker surroundings, rather than to 
have the surroundings and the work 
equally illuminated. He believed in the 
Post Office it was found necessary at the 
request of the sorters to moderate the 
general lighting in order that they 
might get rest for their eyes when they 
looked away from their work. His own 
experience in office work was that good 
general illumination was sufficient. His 
office was lighted by a lamp in the ceiling 
perfectly satisfactorily, and he had done 
away with the old desk lamp which at 
one time was thought indispensable. 


Mr. H. C. WueEat said he was pleased 
to be able to show a number of slides 
confirming many of the points mentioned 
by Mr. Dow-—for instance, the suitability 
of general illumination for a large number 
of situations without the necessity for 
local lights, and the fact that all lamps 
could be placed high and _ properly 
screened without loss of efficiency. 

A point on which Mr. Dow did not 
touch, and one of paramount importance, 


* was the question of diffusion: This was 


a difficult thing to define or demonstrate, 
but the speaker showed slides made from 
photographs of a demonstration, in which 
it was possible to compare the shadows 
from two similar lamps, one equipped 
with a diffusing appliance, and one with- 
out. It could be seen from these that 
there was a very great difference in the 
character of the shadows. In the one 
case they were hard, with clearly defined 
edges, and in the other soft with a 
gradual change from dark to light. 
Good diffusion is an essential of satis- 
factory lighting, particularly where this 
takes the form of general illumination. 

Mr. Wheat also remarked that the 
measurement of illumination on a hori- 
zontal plane alone was not a sufficient 
indication of the value of an installation. 
Generally speaking, vertical illumination 
was equally important. 

Some of the speakers appeared to infer 
that the replacement of local lights by 
general illumination was something new 
and untried. This, however, was not the 
case, and a number of slides were shown 
illustrating installations employing only 
general lighting of various types, which 
had been carried out over a period 
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Fic. 1.—Diffusion—Similar lamps equipped with similar types of reflectors. That 
on right polished surface, that on left depolished surface. Note softening of 
shadows from depolished surface. 


Fig. 2.—-Illumination of a modern drawing office with semi-indirect units and half-watt 
lamps, with a view to avoiding inconvenient shadows. 


Mr. H.C. Wheat. 
G 
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covering several years, and which, having 
the requisite diffusion, were entirely 
sufficient for the purposes for which they 
were designed. The slides cover examples 
of offices employing indirect and semi- 
indirect lighting, where the conditions 
were particularly severe, and a variety 
of engineering and textile works with 
direct, lighting. 

One slide was shown illustrating a 
portion of a large boot factory, which 
was equipped solely with local lighting 
giving a very brilliant light on the work, 
and practically none on the floor. Such 
conditions would be much improved if 
the recommendations of the Committee 
were enforced, and sufficient general 
lighting provided to secure the necessary 
minimum illumination on the floor, 
thereby reducing very strong contrasts 
which ,existed. 

As regards the lighting of sewing- 
machine benches by general illumination, 
the speaker stated that his experience 
showed that this could not be successfully 
accomplished on account of the over- 
head obstruction from the machines 
themselves. He showed a slide of an 
installation equipped with local lights, 
and in which a sufficient general illumin- 
ation was provided by the light reflected 
from the benches. 

Some slides were also shown illustrating 
the fact that with properly equipped 
lamps these could be raised far above 
the line of vision, and with considerable 
gain in the shadow effect. 

Before concluding, the speaker said he 
would ask if the recommendations of the 
Committee regarding minimum illumin- 
ation on the floor were to be taken 
literally, z.e., the darkest spot that could 
be found, or simply a fair average ? 
The exact interpretation would make a 
very great deal of difference. 


Mr. C. C. Parerson (National Physical 
Laboratory) endorsed all that Mr. Dow 
had said, and emphasised one or two of 
the points mentioned. With regard to 
what it was stated was done in American 
Factories in whitening floors, &c., he 
would like to know how the whitening of 
floors was carried out. He remembered 


going over one factory where the floor 
was tiled with light coloured tiles, and it 
was extraordinary what a small illumina- 


tion sufficed to make it look relatively 
brilliant. Floors would do with appre- 
ciably less than the 0.25 ft. candle recom- 
mended in the Committee’s report if 
they were generally lighter coloured. 
Floors in many factories, however, were 
of wood blocks or planks which got very 
dirty, and it would be nice to know a 
satisfactory way in which these could be 
kept clean in the interests of appearance 
as well as safety. 

On the question of diversity factor, 
he thought that generally a relatively low 
degree of even illumination was preferable 
to high illumination but with a big 
diversity factor. The more one saw of 
factory lighting the more one was im- 
pressed that it was not really necessary 
to have long schedules of illumination 
values different for each class of work. 
Work could be divided very roughly into 
three or four groups, as suggested in the 
paper, but there was one class which 
should be considered separately which 
was not mentioned in the table shown by 
Mr. Dow, and that was textile work. He 
did not mean weaving but the making up 
of ordinary materials and fabrics. Such 
classes of work require separate con- 
sideration because 3.5 ft. candles would 
not be sufficient for dark materials. 

With regard to indirect lighting, it 
would be advisable, as suggested, to have 
a little more data to enable us to know 
what the diversity factor was and what 
the distribution of the light was in 
typical cases, worked out to the same 
degree of accuracy as had been done with 
direct lighting. Indirect light to him 
was in many respects an ideal system. 
Every system had certain disadvantages, 
but he could not conceive a better system 
for very many classes of work. There 
was only one instance in the report where 
indirect lighting seemed to fail, and that 
was where the character of the work 
depended upon producing shadows or 
graduation of shade as in a self-toned 
fabric where the different strands were 
only distinguishable from each other by 
this means. 


Mr. A. Cunnineton (L. & S. W. Rail- 
way Co.) said that some work he had done 
approximated closely to factory work, 
namely, the lighting of large covered 
goods warehouses. The floors of these 
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Fic. 3.—Weaving shed. General illumination. 








Fic, 4.—Turning shop. General illumination. 


Mr. H.C. Wheat. 
c2 
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warehouses were, in regard to lighting 
requirements, very similar in condition 
to the floor of a factory in that they were 
largely occupied by obstacles, such as 
packing cases, etc., lying about somewhat 
promiscuously, but with certain passage- 
ways in between. He had collected a 
few figures of a number of tests he had 
carried out at different goods warehouses, 
which showed there was no difficulty 
in arriving at the figure of 0,25 ft.-candles 
as a minimum for the floor. This 
figure, however, represented what he 
called the general minimum; in other 
words he had not gone into the very 
darkest corner of the room in order to 
take the reading, but had measured the 
illumination midway between lamps. 
Taking the case of a long row of gas lamps 
down a narrow platform, the figure 
of 0.25 ft.-candles as a minimum was 
often exceeded. The actual values 
between lamps varied from 0,2 to 0,4 
ft.-candles. He might mention one other 
particular case of a very large shed, 
in which are lamps were used, where the 
maximum was very high, and the 
minimum fell rather low, the actual 
figures being 5,0 and 0.15 ft.-candles 


respectively. By substituting half-watt 
lamps for the arc lamps, the maximum 
was reduced to 1.0 ft.-candles, and the 
minimum increased to 0,25 ft.-candles, 
and the lighting was consequently very 


much better. This served to emphasise 
a point which he considered very im- 
portant, viz., the avoidance of excessive 
contrast. When high candle power units 
were used, great care should be taken in 
calculating height and spacing, so that 
there was not too great a diversity 
between the maximum and minimum. 
He had many times established the fact 
that if greater uniformity were aimed at, 
a lesser maximum intensity would suffice. 

The condition and colour of the floor 
had, of course, a very marked influence 
on the illumination required for seeing 
objects; therefore the minimum fixed 
should be such as would clearly show up 
an object, even when there was very 
slight contrast between it and the floor. 
It had been suggested to him that if it 
were possible to obtain a uniform 
illumination of 0,25 ft.-candle throughout, 
the appearance would be that the floor 
was inadequately lighted, and obstacles 


would not be clearly visible. As a 
matter of fact he had discovered an area 
of about 30ft. square, in which the 
illumination was 0,25 ft.-candle practically 
all over, and he could assure them that, 
although the floor was dark in colour, 
there was no difficulty in distinguishing 
objects by this light. He himself con- 
fessed to being surprised to find what 
a bright illumination 0,25  ft.-candle 
really was. 

With regard to whitening steps as a 
safeguard, there was one difficulty that 
he might refer to. The point was that 
as soon as a step was whitened, the 
person doing so accepted responsibility 
for keeping it white, This was the case 
with railway platforms, and it saddled 
railway companies with that responsi- 
bility. The trouble was that a whitened 
step quickly became dirty, and if then 
somebody fell down, the person re- 
sponsible for whitening it in the first 
place was likely to be held responsible 
for the accident. 


Mr. L. Gaster said Vol. III. of the 
Home Office Report was a most useful 
production, containing a unique survey 
of existing lighting conditions in the 
classes of factories visited. This volume 
would be most serviceable to lighting 
engineers and the thanks of the Society 
were due to the Home Office for under- 
taking this laborious piece of work. 

He thought all would agree that Mr. 
Dow had collected an excellent series 
of practical examples of installations, 
showing that the requirements of the 
Report could be easily met by modern 
methods. Mr. Dow had dealt in an 
entirely impartial manner with the 
information kindly afforded by various 
members relating to gas and electric 
installations. 

There were many points of interest in 
the paper. He would like to refer par- 
ticularly to one of these points—the 
matter of shadows. It was not enough 
merely to provide a certain amount of 
illumination; it was also necessary to 
arrange the lamps and reflectors so as 
to avoid inconvenient shadows which 
had often confusing results. For example 
a deep shadow on the floor might mask 
an obstacle, leading an operator to 
stumble, or to mistake the position of an 

















aperture in the floor; conversely deep 
shadows sometimes led people to think 
there were obstructions on the floor 
when they did not exist. 

As regards the interpretation of the 
minimum values of illumination, he 
felt sure that reasonable latitude would be 
allowed and that there was no intention 
in the Report of causing any hardship. 
He agreed with Mr. Paterson’s remarks 
regarding the sympathetic attitude of 
the authorities in these matters. 


Mr. F. W. Wittcox (British Thomson- 
Houston Co.) : With regard to the light- 
coloured floors referred to by Mr. Paterson, 
it will be found, I think, that when 
buildings are properly lighted the 
tendency will be to keep the floors clean 
and they will therefore be much lighter 
particularly if the wood is of a light 
natural colour) than under the general 
conditions where factories and rooms are 
poorly lighted. Many of the floors in 
American factories are made of a light 
coloured or white wood and can be 
scoured and kept quite clean. In other 
cases floors are covered with light floor 
coverings such as linoleum, etc. 

For illumination in general I think 
we should keep in mind an ideal, and, 
I think, the ideal result in illumination 
should be an unconscious one. It is a 
sign of health and efficiency when results 
are worked out unconsciously. A man 
in perfect health is not conscious of his 
stomach or other organs. Good lighting 
should subscribe to the same conditions 
and like day-light should be so distributed 
and arranged as to secure the results 
desired unobtrusively. 

There is a further point to be borne in 
mind in connection with illumination 
and that is there is something more 
in illumination than it is possible to 
express in mere physical values such as 
candle power in foot-candles. As an 
expression of illumination results such 
physical values are incomplete as there 
are physiological and psychological effects 
which need to be considered. In 


illumination we not only have to deal 
with the source of light and its accessories 
such as the reflector or glass globe, 
but with the object to be illuminated 
upon which the light falls, and finally, 
the most important of all, the eye of 
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the observer which must receive the light 
reflected from the object. It is the eye 
which is affected by the physiologcal 
and psychological causes and there would 
seem to be special conditions of illumina- 
tion in certain kinds of lighting such as 
indirect lighting which enables the eye 
to function better under one form of 
light than with another form giving the 
same physical value of illumination. 

It is possible, for example, to increase 
the total amount of light in a room to the 
serious detriment of the illuminating 
effect because a brilliant glaring light 
in a room causes the pupil of the eye to 
contract and with a greater amount of 
light, less actually gets into the eye; 
therefore the illuminating effect secured 
is poorer than it would have been with a 
lesser amount of light properly diffused 
or distributed. These conditions empha- 
sise particularly Mr. Wheat’s remarks 
concerning the importance of diffusion. 
The excellent diffusion obtained by 
indirect lighting is thus one of the greatest 
sources of its satisfaction to the user. 
With the perfect diffusion given by 
indirect lighting the pupil of the eye 
opens more freely, and therefore tends to 
receive more light; the observer can 
thus see to better advantage than where 
the light is poorly diffused and the pupil 
of the eye contracts through glare or 
excessive brilliancy. 

As regards the question of local lighting 
versus general lighting, it is an inevitable 
result in the advance in efficiency of 
illuminants that there should be a pro- 
gressive tendency towards general light- 
ing in place of local lighting. The steps 
can readily be traced from the early 
candle, which required the worker to sit 
with the book or work close to the flame 
in order to see perfectly ; to the table 
oil lamp, where the reader or worker 
could move the lamp some distance away ; 
to the early gas lamp which could be 
placed some distance above the reader or 
worker; to the electric lamps which 
could be placed still higher; and so on 
to the latest lamps which can be placed 
on the ceiling of interiors and with proper 
equipment of diffusing globes, give 
sufficient and economical illumination for 
the average working condition. 

There are many cases of work, such as 
the letter sorting referred to, where 
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local lighting is desirable, but in all such 
cases it would be supplemented by general 
illumination as well. Such general 
illumination need not be of the same 
degree as that where local lighting is 
employed, but it should be sufficient to 
avoid too great a contrast between the 
light cast by the local lamp and the light 
of the general surroundings. 

Oculists maintain that the eye suffers 
serious impairment when it works in a 
room that is absolutely dark generally 
with strong local illumination on book 
or work. The reason given for this is 
that the pupil of the eye is expanded in 
conformity with the general dark sur- 
roundings and when it views the locally 
illuminated spots the pupil usually suffers 
by taking in too much light as well as by 
the changes it undergoes in trying to 
adapt itself to the two widely separate 
degrees of illumination. Therefore, where 
local and general illumination are 
employed care should be taken to avoid 
too great a contrast between the two. 


Mr. 


O. E. GricsBy expressed his 


aproval of the rough division of manu- 
facturing operations according to the 


amount of illumination required, as 
indicated in the table quoted from Mr. 
Dow from the American Code. It seemed 
desirable that factory inspectors should 
have such classifications made for their 
guidance. No doubt this question of 
values for Industrial Operations would 
receive the attention of the Committee 
in future work. He pointed out that the 
value of 0.25 given in the American Code 
is for Storage, Stairways and the like, 
while the value specified by the Com- 
mittee for these areas is only 0.1, and that 
for working areas a much higher value 
than the 0.25 was apparently suggested 
in the Code. 

The discussion showed clearly the 
alteration in the conditions in factories 
brought about by improved lamps and 
lighting appliances. He observed that 
in most of the factories visited by the 
Committee old types of lamps were used, 
so with newer types the minimum specifi- 
cations could be materially exceeded and 
the illumination raised to a higher value 
without the cost being burdensome. 

The effect of the walls and ceiling in 
increasing the illumination of the working 


plane was an important matter. There 
was a well known table which was used in 
America for calculating this increase. 
According to this table with very dark 
walls and ceilings an increase of 15 per 
cent. might be allowed for; with walls 
and ceilings of the medium tint an increase 
of 40 per cent.; with very light ceilings 
but dark walls 30 per cent.; with both 
walls and ceiling light, as much as 80 per 
cent. 


Mrs. CLoUDESLEY BRERETON said there 
were two points she would comment upon 
in relation to this matter which Mr. Dow 
had raised. The first was with regard 
to physiological conditions. She would 
like to remind some of those present who 
might have heard Sir John Cockburn’s 
speech at the time of the National Gas 
Exhibition, when he spoke of the physio- 
logical effect of ample illumination and 
gave his experience of the stimulating 
effect of good lighting when he was 
fatigued and worn out at night. He said 
that under those conditions he sometimes 
turned on every light in his library, and 
the result was as good as a bottle of cham- 
pagne. This had a distinct bearing on 
output in factories, because the experience 
of employees was that the effect of work- 
ing in a large amount of light equivalent 
almost to sunshine, had such an effect 
upon the spirits of the workers that 
physiologically girls, at any rate, were in 
better health. That was a fact to be 
brought home to employers of labour. 

The particular case the Chairman men- 
tioned about the sorters in Post Offices 
was also an important one, and as 
another speaker had said, the contrast 
between the light on the working plane 
and the general lighting must not be too 
great. This contrast was now to be seen 
very much in the lighting of the streets, 
and with motor cars especially, but taking 
the lighting of factories generally, good 
lighting had a very important physio- 
logical and psychological effect upon 
the workers. If backward factory 
managers could be brought to comply 
with the recommendations of the Home 
Office, they would certainly find they 
would obtain increased output, which was 
a thing to be considered very much in the 
near future. 

The second point was the question so 
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often brought before the Society, and 
that was the necessity for the close 
co-operation between builders, decorators 
and illuminating engineers. The figures 
given by the last speaker were significant 
in this connection, as they showed it 
was possible to get an increase of 80 per 
cent. illumination in comparison with zero 
according to the scheme of decoration 
adopted. It therefore behoved the fac- 
tory manager and the factory owner to 
consider his decoration as part of his 
illumination problem. As one _ inter- 
ested in public health matters she hoped 
this co-operation would soon be an 
accomplished fact, and would bring about 
that state of cleanliness and general 
health in factories which was, until lately, 
hardly dreamed of except by incurable 
optimists. 


Mr. C. H. Prrman spoke on the question 
of glare and the necessity of keeping down 
the intrinsic brilliancy of lighting units. 

One of the most satisfactory forms of 
lighting in this connection, he said, was 
the Moore tube. 

For the same reason ideally indirect 
lighting would be most satisfactory from 
a lighting point of view in a factory 
where general lighting is installed, but 
there would be a difficulty in keeping 
the reflectors and local surroundings clean, 
consequently loss of light would be enor- 
mous. making it impracticable. 

He therefore thought it would be 
admitted that the semi-indirect system 
would be the nearest practicable approach 
to the indirect method of lighting, as it 
did not suffer from the great depreciation 
in lighting value, and with sufficient care 
in design it was quite possible to manu- 
facture a unit which will not collect dirt, 
&c., unduly. 

Mr. Dow had laid particular emphasis 
on the fact that all lights should be out of 
the direct eye-line unless adequately 
shaded—meaning that the covering 
reflector should be brought round the 
light surface to hide the lamp from the 
eye when looking across the workshop. 
But it is quite possible to design a semi- 
indirect fitting to be hung at medium 
height and having a large diffusing sur- 
face, thus entirely avoiding glare. This 
at the same time is a big step in the 
direction of breaking up shadows, and the 
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greater the area of the reflecting surface 
the better this is accomplished. 


Mr. E. Srroup (communicated) :— 
In the discussion on the Home Office 
Report a great deal of attention has 
been devoted to the proposed minimum 
illumination of 0.25 ft.-candles. The 
provision of such a minimum is good, 
but at the same time I would like to 
point out that there is another factor 
of equal importance which requires to be 
specified, and that is the ratio of contrast 
in illumination. It is clear that should 
there be in certain sections of a factory 
a very intense illumination, a minimum 
of 0.25 ft.-candles (or even higher) 
would not suffice for safety. I notice that 
among the examples mentioned by Mr. 
Dow was a certain factory, lighted by 
carbon filament lamps, where the illumin- 
ation on the work was 1 foot-candle and 
the minimum value in the working area 
0.2 ft.-candles. These are admittedly 
low values, and the fact that they were 
apparently considered sufficient seems 
to be due to the ratio of maximum to 
minimum illumination being small, and 
undue contrast thus avoided. 

Mr. Dow also raises the question 
whether one can predict the actual 
illumination that will result from a given 
arrangement of lighting units. This is 
quite practicable in the case of direct 
lighting if one uses reflectors whose 
distribution curve is known, and the only 
two variable factors to be taken into 
account are the reflection from surround- 
ings, and the actual candle power of the 
lamps used. 

The increase in illumination due to 
reflected light from surroundings can be 
ascertained for a given class of reflectors, 
and has been published for their reflectors 
by the Holophane Co. for many years. 
These figures, which were quoted in a 
the course of the discussion, must not be 
taken as general for any type of reflector. 
For example, in the majority of industrial 
installations opaque reflectors are used 
and it is therefore obvious that no 
reflection from ceilings and extremely 
little reflection from walls, will be 
obtained. 

The prediction of results by indirect 
lighting seems to be a rather harder 
proposition, and I should doubt if it is 
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possible to state beforehand with any 
degree of accuracy the results attained 
with this form of lighting. Mr. Dow 
mentioned one case where much less 
illumination was expected than was 
actually obtained, and I myself have 
taken out several series of tests in which 
predicted results have not been realised, 
results varying in both directions. 

The other point which naturally affects 
the results in practice is the light given 
from the lamps used with reflectors. 
If the actual candle power of a lamp differs 
widely from its rated value the expecta- 
tions of a lighting engineer will naturally 
not be complied with. This illustrates the 
need for co-operation between makers of 
lamps and reflectors. 

As regards the suggestion made by 
Mr. Willcox that less illumination is 
required for a given process by indirect 
than by direct lighting, this, of course, 
is a highly debatable matter, on which 
further research is needed. 


Mr. G. CAMPBELL (communicated) :— 
Mr. Dow’s paper appeals to me as an 
excellent Addenda to the discussion on 
Mr. Gaster’s Notes before the Society in 
November last, and there is no doubt will 
form a very good lead for more practical 
information of this kind. 

In referring to the many variations in 
the actual illumination applied in different 
factories for similar processes, the need 
for some recognised standards of illumin- 
ation on the working plane for such and 
other processes is emphasised. Whether 
or no the average of the values recorded 
in the tables mentioned in Vol. III. of 
the Report would produce the correct 
figures is a matter for investigation—it 
may be found that the large majority of 
instances are not satisfactory from the 
point of view of “ adequate ” illumination 
—one cannot help feeling, as suggested 
by Mr. Dow, that the recommendations 
in the American Code might very well 
form a basis for these standards, par- 
ticularly if the averages of the tabulated 
values to some reasonable extent coincide. 

Too little has been said in considering 
these matters regarding the large decrease 
in efficiency due to the collection of dust 
and dirt on light units in use. Mr. Dow 
made a reference to this point. A regular 
cleaning should be carried out, if necessary 


by compulsion, as this alone would 
improve the illumination of thousands 
of factories and workshops, while old 
electric lamps and worn-out gas mantles 
should at the same time be replaced. 
An allowance for this rapid deterioration 
should be made in designing installations 
based on photometric results from new 
and unused units. 

The avoidance of glare increases the 
ability of the operatives to see, and it is 
pleasing to note the strong references 
Mr. Dow makes on the subject. It 
would be intersting for some member to 
submit to the Society in connection with 
industrial and other lighting some data 
on the relative increase in the “ ability 
to see” due to the shading of bright 
lights in the range of vision. 

It may be mentioned in connection 
with inconvenient shadows that where a 
reasonably economical scheme of general 
illumination will not dispense with serious 
shadows it is a sure thing that local 
illumination is an absolute necessity—of 
course if light units are placed in the 
wrong position it is obvious annoying 
shadows result. 

In conclusion, I am sorry that Mr. Dow 
did not give us his views on lateral or 
side lighting—one of the most difficult 
problems in industrial lighting. To get 
satisfactory side lighting and at the same 
time comply with requirement (3) 
regarding shading of lamps, requires 
very special attention unless of course 
there is plenty of headroom to place the 
lights high above the vertical plane of 
illumination. 

I am sure the Society is indebted to 
Mr. Dow for his paper. 


Mr. J. 8. Dow (in reply): I must 
express my thanks for the kind way in 
which my introductory remarks have 
been received ; I am glad to think that 
the discussion has been useful in clearing 
up some of the points discussed at our 
meeting last November. 

Much has been said on the debatable 
question whether general or local illumin- 
ation is best for offices; Mr. Wheat 
showed some interesting examples of the 
former method. I think, however, as 
Mr. Goodenough pointed out, that much 
depends on the concentration of attention 
required in the work; for simple and 
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more or less habitual processes general 
illumination would doubtless suffice. 

Mr. Wheat suggested that more 
emphasis should be placed on difiusion. 
I thought I made this clear when alluding 
to the importance of light interiors, and 
I entirely agree that in most industrial 
processes light striking the objects from 
many different directions is necessary. 
These conditions are best secured by 
utilising the reflecting power of light 
walls and ceilings ; and, as Mr. Paterson 
remarked, for many kinds of work 
indirect and semi-indirect systems have an 
advantage in this respect. I also ayree 
with Mr. Wheat that a measurement of 
the horizontal illumination is not every- 
thing necessary, and that one must judge 
an installation also by consideration of 
other factors, such as diffusion, absence 
of glare, cte. But, as was long ago 
shown by Mr. Trotter, a measurement of 
the horizontal illumination is much the 
most convenient single measurement that 
could be prescribed. 

Mr. Campbell referred to the rather 
difficult cases where a side-illumination 
is needed, and yet glare must be avoided. 
As mentioned above, this is often merely 
a question of diffusion, and reflection 
from light surroundings is helpful. When 
a strong uni-dire:tional light is needed 
for some special purpose one can usually 
avoid glare by employing well-shaded 
local lights. 

As reyards the whitening of floors, a 
concrete floor often reflects a very useful 
amount of light, and, as Mr. Wiileox 
mentioned, light wood floors can be kept 
clean if the processes taking place do 
not give rise to much dirt or dust. In 
very grimy workshops, foundries for 
example, much reflection from the floor 
can hardly be expected. 

Several speakers, Mr. Cunnington, Mrs. 
Cloudesley Brereton and Mr. Stroud, 
referred to the effect of contrast. I 
quite agree that severe contrasts in 
illumination may render a higher illumin- 
ation necessary, as was shown in a 
valuable paper recently read by Dr. 
Nutting, before the American Convention. 
It is, however, somewhat difficult to fix 
a limit, and provided “a reasonable 
degree of uniformity,” as prescribed in 
the Report, is provided, the contrast 
should not be excessive; the effects of 


such severe contrasts are, however, 
usually less trying than the zlare from 
exposed sources of light. 

Mr. Paterson was inclined to doubt 
whether, even in those cases where it is 
desired to illuminate the entire working 
area evenly, the variation in illumination 
would not exceed 25 per cent. I quite 
agree that this figure would be exceeded 
in most installations, nor is such strict 
uniformity absolutely necessary. I 
mentioned this figure merely as an indi- 
cation of the conditions that might be 
secured when scientifically designed re- 
flectors are used and spacing rules rigidly 
adhered to, and where no local conditions 
interfered with the carrying out of 
the installation on the theoretically 
approved methods. 

Mr. Grigsby gave some figures for 
calculating the effect of light surround- 
ings. I think that we must agree with 
Mr. Stroud that such tables are not a 
safe guide unless the system of lighting 
to which they refer is also indicated. 
So much depends on the amount of light 
directed downwards. Another most im- 
portant factor is the size of a room. In 
a small room reflection from the walls, 
which are quite close to the object 
viewed may have a very considerable 
effect ; but in a large hall with lofty 
ceiling the illuminated surfaces are so 
distant from the centre of the room that 
they render very little help. We then 
approach the conditions found in exterior 
illumination. 

Mr. Grigsby, in referring to the 0:25 
minimum, puinted out that the figures 
quoted in the American Code were 
apparently somewhat higher. I think 
that if the Report is properly interpreted 
the illumination necessary in the interests 
of safety will be found to be very similar 
to that specified in the Code. It must 
be remembered, too, that the three 
higher classes of illumination stated in 
the Code are intended to suffice for the 
work done as well as being necessary for 
safety. There seems to be a consensus 
of opinion that the specification of the 
amount of illumination necessary for 
industrial processes might be simplified 
by division into several main yroups, as 
indicated in the American Code. 

Several other speakers inquired as to 
the exact interpretation of the 0-25 
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minimum (e.g., as to whether this would 
refer to small areas of the floor in partial 
shadow, etc.). It is really not desirable 
to make such a specification too rigid, 
and I can only echo the remarks of Mr. 
Gaster and Mr. Paterson in expressing 
the belief that such standards would not 
be interpreted harshly, and that in cases 
where a deviation from the standard 
obviously caused no detriment to workers 
or employers, reasonable latitude would 
be allowed. 








ERRATA. 


We regret that. through a clerical error an 
abstract (4 cols.) of the Home Office Report 
on Factory Lighting in the Electrical Review 
for September 17th was inadvertently omitted 
in the table of Press comments published in 
THE ILLUMINATING ENGINEER for December, 
1915, p. 490. 

We are glad to record this additional instance 
of the attention given in the technical press to 
this important Report. 


In THe ILLumMinatTiInG ENGINEER (January, 
1916) the illustrations referred to as Figs. 2 and 
3 in the text, pp. 14—15, were accidentally 
interchanged. 

The matter referring to Fig. 2 should apply 
to Fig. 3 and vice versa. 
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THE ILLUMINATING ENGINEERING 
SOCIETY (U.S.A.). 


Mid-Winter Convention to celebrate the 
Decennial of the Existence of the 
Society. 


We note with interest that a special 
Convention of the American Illuminating 
Engineering Society was held in New 
York, on February 10th—11th, this being 
the celebration of the decennial of the 
Society’s existence. A number of in- 
teresting papers were read, reviewing 
past progress and making suggestions 
for the future. 

A cabled message of good wishes was 
sent to the Illuminating Engineering 
Society in London by the President (Dr. 
Charles P. Steinmetz) as follows :— 


“ The Illuminating Engineering Society, 
32, Victoria Street, 
London, S.W. 

The Illuminating Engineering Society in the 
United States, upon the celebration of the 
decennial of its organisation, extends to the 
Illuminating Engineering Society grectings 
and best wishes.” 


This message was responded to as 
follows :— 
“ The Illuminating Engineering Society, 
239, West 39th Street, 
New York. 
Society heartily reciprocates greetings and 
good wishes.” 


All members will join in wishing our 
friends in the United States continued 
prosperity and success in the good work 
they are accomplishing. 
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CORRESPONDENCE. 


THE EFFECT OF SHAPE OF FILAMENT ON DISTRIBUTION OF LIGHT FROM 
STANDARD TYPES OF REFLECTORS. 


Feb. 8th, 1916. 


Editor of the ILLUMINATING 
ENGINEER. 


To the 
DEAR Sir, 

With further reference to Professor 
Morris’s paper on “‘ Recent Developments 
in Electrical Incandescent Lamps in 
Relation to Illuminating Engineering,” 
and published in the January issue of the 
journal, I should be greatly obliged if you 
would insert in the February issue the 
enclosed three sets of polar distribution 
curves which have an important bearing 
on Professor Morris’s remarks. 

These sets of curves shew the com- 
parison of the distributions obtained by 
using Holophane Extensive, Intensive, 
and Focussing Reflectors, with the 
ordinary straight filament lamps and with 
the bunched filament similar to that 
employed in the gas filled type. 

The bare lamp curves are plotted for 
comparison purposes, the horizontal CP 
to equal 100. 

It will be seen that by using the 
bunched filament the characteristic curves 
are not altered, but are accentuated to a 
marked degree, the E and I curves giving 
50% more light at 45 degrees and 30 
degrees respectively, and in the F type 
a considerable increase in the downward 
direction. 


These results are proved in the 
figures given by Professor Morris for the 
lighting of the drawing office of the East 
London College, where by using spiral- 
form filaments instead of straight type, 
and using the same Holophane Reflectors 
he reduces his consumption by 33% and 
increases his Horizontal Illumination by 
33%—an important saving. 

In Professor Morris’s remarks he 
suggests that this increase in illumination 
is due to the filament being so formed 
as to throw more light in a downward 
direction. But this increase will be 
found to be due, not to the mere fact 
of the filament being so formed, but to 
the greater efficiency of the Reflector 
itself in these circumstances. Prismatic 
Reflection is such that the smaller the 
source of light (that is, the nearer we 
approach the point source) the greater 
will be the efficiency of reflection, but 
also it must be borne in mind that greater 
care is necessary in placing the source in 
its proper focus. It is in this respect 
that lamps must be designed so that a 
greater percentage of the light flux 
above the 60 degree zone may be collected 
by the Reflector and distributed where 
it is needed. 

Yours faithfully, 


EK. Stroup. 








BaRE TUNGSTEN STRAIGHT FILAMENT. 
MAMF PLOTTED TOMAX.CP =100 


= SAME LAMP WITH HOLOPHANE E wee 
REFLECTOR. 
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- - - - =BARE HALF-WATT LAMP PLOTTED To 
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= SAME LAMP wiTH HOLOPHANE E Tyee 
REFLECTOR. 
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TOPICAL AND INDUSTRIAL SECTION. 


—=ee Com 


[At the request of many of our readers we have extended the space devoted to 
this Section, and are open to receive for publication particulars of interesting 
installations, new developments in lamps, fixtures, and all kinds of apparatus connected 


The contents of these pages, in which is included information supplied by the 
makers, will, it is hoped, serve as a guide to recent commercial developments, and we 
welcome the receipt of all bona-fide information relating thereto.) 








B.T.H. ELECTRIC INCANDESCENT 
LAMPS. 


Tue latest list of incandescent lamps 
issued by the British Thomson Houston 
Co., Ltd., is undoubtedly one of the most 
complete we have received for some time. 
Lamps ranging from the smallest battery 
variety up to the high candlepower half- 
watt types are listed; the dimensions 
of the bulbs are stated in each case and a 
block is given showing the general shape 
of the filament. 

We notice also that an attempt is made 
to include in the list some suggestions 
regarding the use of the lamps, and that 
photos of installations and of a few typical 
fittings are included. The list very pro- 
perly commences by an explanation of 
the difference between mean horizontal 
and mean spherical candlepower. It is 
remarked :— 

“‘ The efficiency of lamps is usually expressed 
in terms of its mean Horizontal candlepower, 
i.e., watts per mean Horizontal candlepower. 
It should be stated, however, that this basis 
for comparison is correct only for lamps having 
the same shaped filaments or filaments giving 
the same ratio of mean horizontal to mean 
spherical candlepower. The spherical efficiency 
or watts per Mean Spherical Candlepower is a 
correct basis of comparison. . . .” 


Formule are accordingly given, enabling 


the two quantities to be related for 
certain types of lamps. The proposal 
is also made that lamps are more pro- 
perly rated in ‘‘ lumens per watt.” 


There are two suggestions we would 
like to make regarding a future edition 
of this list; firstly, that polar curves 
of a few typical filaments, both for gas- 
filled and vacuum lamps should be given ; 
and, side by side with them, the corres- 
ponding curves for the same lamps in 
typical reflectors, such as are used in 
practical lighting calculations ; secondly 
that in the tables of costs the expense of 
lamps and current should be separated so 
that consumers can ascertain when it is 
most economical to use ordinary or half- 
watt lamps. 


SHELL-INSPECTING HAND LAMPS. 


Besides general illumination in a 
factory, it is often needful to provide 
special lighting at some particular point. 
An instance is afforded by deep borings, 
such, for example, as occur in shell-work, 
where a special hand-lamp, which can be 
passed into the interior, is useful. The 
illustration shows a lamp of this kind 
supplied by the B.T.H. If necessary 
these small lamps can be worked from 
accumulators or dry cells 





A useful B.T.H. Lamp 
for shell inspecting. 
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REVIEWS OF BOOKS. 


Standard Cloths, Structure and Manu- 
facture. By Roberts Beaumont, M.Sc., 
M.I.Mech.E. (Scott Greenwood and 
Son, London, 1916); 325 pages, 16 
plates, 150 illustrations.) 


At the present time, when all are im- 
pressed by the need for studying and 
maintaining the great national industries, 
this volume deserves special notice. 
The author, as Professor of Textile 
Industries at Leeds University, has had 
special opportunities of studying the 
technical side of cloth manufacture, 
and no little expert knowledge is necessary 
to appreciate the methods of producing 
the various qualities of fabric and blends 
of colours. In the first two chapters 
there is a full account of the nature of 
fabrics, illustrated by useful micro- 
scopic illustrations. Then we have a 
synopsis of cloths and an account of 
special fabrics light in weight and 
structure, medium weight worsteds, over- 
coating materials, felt, etc. 

Of special interest to us is the account 
of the methods of producing standard 
colours, such as tartans, khaki and 
French grey. To many people it will 
come as a surprise to find that khaki, 
as used for army work, is a blend of quite 
a number of different shades, These 
points are illustrated by several excellent 
colour plates, and the numerous diagrams 
and illustrations throughout the volume 
form a most useful feature. We should 
have liked to have heard a little more 
regarding the methods of selecting 
standard colours and the extent to which 
such processes are affected by variations 
in the colour of light used to illuminate 
the material; but possibly this point 
is covered in one of the author’s other 
numerous works. 

Those interested in standard practice 
in specifying textile materials should find 
this work of considerable interest. 


Practical Lessons of the War. (The 
Engineer Office, 33, Norfolk Street, 
London, W.C. Price 2d.) 


UNDER the above title The Engineer 
issues a series of six articles which 
appeared in that journal during 1915. 
The object is to point out clearly (1) 
the effect of the war on British Industries ; 
(2) the manner in which our industries 
are likely to be situated after the war ; 
(3) & means of over-coming the various 


anticipated obstacles; (4) the necessity 
of concerted action between Great 
Britain and her Allies ; and (5) solutions 
of this difficult problem. 

The articles make interesting reading 
and contain many interesting suggestions. 


The Practical Electrician's Pocket Book. 
Edited by H. T. Crewe. (S. Rentell and 
Co., London, 1916. 474 pages.) 


Tuis little red volume appears once more 
As usual it is full of condensed informa- 
tion and we note that several new 
chapters have been included dealing with 
such matters as electric vehicles, drills, 
blowers and lifting magnets, mining 
telephones and shaft signals, etc. 

In the brief section on lighting we notice 
what seems a reasonable classification 
as regards the illumination required for 
various purposes; it might, however, 
be well to distinguish more clearly 
between the illumination required for 
various processes, and the illumination 
needful as a measure of safety. 

There is also a page containing polar 
curves of typical electric lamps, a brief 
account of modern electric illuminants, 
and a section on photometry. 











Established 
1885. 


Established 
1885. 





By Appointment. 


GENERAL 


Accident Fire and Life 
Assurance Corporation, Limited 


Assets Exceed - £2,500,000. 
Claims Paid Over £7,000,000. 


SPECIAL FEATURES: 
ACCIDENT INSURANCE 


Liberal pate and Conditions. 
FREE FIRE INSURANCE 


Every Sixt Year TO Private Property 
Owners AnD HovuseHotpers. ‘ 


THREE POPULAR POLICIES 


Of Life Assurance, with Various Options 


\ 








All Classes of Insurance Business Transacted 


CHIEF OFFICES: 

General Bulldings, Perth, Scotland. 
General Buildings, Aldwych, London. 
General Manager - F. Norigs-Mitusr, J.P. 
Notg.—The Bonds of the Corporation are 
accepted by all Departments of 

His Majesty’s Government. 









































THE ILLUMINATING ENGINEER (res. 1916) 


INDEX, February, 1916. 


so 





PAGE 
Correspondence (Half-Watt Lamps and Standard Types of Reflectors) os 69 


Editorial. By L. GasTEr .. _ ee e* as - is ws 37 


S$lluminating Engineering Society— 
(Founded in London, 1909) 


Account of Meeting aa nes a ae ae at aa es 41 
New Members .. 41 
Some Principles In Industrial Lighting (Wirn SpectaL REFERENCE To THE HoME 
OrFicE REPORT ON THE LIGHTING OF FACTORIES AND ee os, BY 
J. §. Dow .. . 42 


Discussion—F. W. enteaesiiak (hshines)—2. © Wheat—C. © ian 
Cunnington—L. Gaster—F. W. Willcox—O. E. Grigsby—Mrs. Cloudesley 
Brereton—C. H. Pitman—E. Stroud—G. Campbell—J. 8. Dow (in reply) .. 58 


Reviews of Books — 


Practical Lessons of the War .. 72 
Standard Cloths, Structure, and Manufacture, by R. Beaumont 72 
Practical Engineer’s Pocket Book “is 72 
Topical and Industrial Section— 

New Lamps List—B.T.H. Shell-inspecting Lamp ae is sis 71 
Insurance Coupon 73 
Gas-lighted Building in New York—Gas and Munitions of War—Modern Illumina- 

tion as applied to Gas Lighting .. at 74 











COUPON INSURANCE TICKET 
, Applicable only within the United Kingdom. 


GENERAL 


ACCIDENT FIRE AND LIFE 
ASSURANCE CORPORATION, LTD., 


Chief Offices— 
GENERAL BUILCINGS, PERTH, SCOTLAND. 
GENERAL BUILDINGS, ALDWYCH, LONDON, W.C, 
F. NORIE-MILLER, J.P., General Manager, 
To whom Notice of Claims under the following conditions must be sent within 
seven days of accident. 





$95 TWO HUNDRED AND FIFTY POUNDS will be paid by the above Corporation to 
the legal personal representatives of any person who is killed by an accident causing 
matcrial damage to the passenger train in which the deceased was travelling as a ticket 
bearing or paying passenger, or who shall have been fatally injured thereby, should death result 
within one calendar month after such accident. Provided that the person so killed or in jured 
had upon his or her person, or had left at home this coupon, with his or her usual signature, 
written prior to the accident, in the space provided below, which, together with the giving of 
notice within seven days to the above Corporation is the essence of this contract. 

This Insurance only applies to persons over 14 and under 65 years of age, is subject to the 
conditions stated above and contained in the General Accident Fire and Life Assurance Corpora- 
tion Act, 1907, and holds good for the current month of issue only. 

No person can recover under more than one Coupon Ticket in respect of the same risk. 


SIGHALULE secrecececcesereecceccees seccecocccccoes seeecscescccoes te eeeeeeeeeecesccssscesccscescesoncs ecsecsecsosoons teeeeseee 


This Coupon must not be cut out, but left intact in THE ILLUMINATING ENGINEER as that 
being dated, forms the only evidence of its currency. 


74 THE ILLUMINATING ENGINEER (res. 1916) 


ALL PIPED FOR GAS. 


WE are indebted to The Gas Industry 
(New York) for the accompanying photo- 
graph showing the great new Woolworth 
building in New York City, the entire 
structure of which is piped for gas. 

The immense height of the building 
and the array of brightly-lit windows 
must make it a prominent object visible 
from a considerable distance, so that it 
forms an excellent. advertisement of 
gas-lighting on a big scale. 


GAS AND MUNITIONS OF WAR. 


In a recent lantern lecture delivered 
before the Derby Society of Engineers, 
Mr. H. M. Thornton, M.Inst.Mech.E.. 
in describing the manifold uses to which 
gas is put in the manufacture of muni- 
tions of war, gave a few interesting facts 
in regard to the famous 75 mm. shells. 
The furnace used in French and Belgian 
factories for ‘‘ heading’ these shells, 
he said, is very strongly made, and the 
top part, which looks like a turret, 
revolves upon ball-bearings, the speed 
being completely under control. The 
heating capacity of the machine, for 
which gas and air-blast are used, is 120 
shells per hour. A_ single powerful 
burner plays on the bottom of the furnace 
from the top, and the interior is so 
arranged that the end of the shell only 


is heated with that accuracy which is 
so essential. It is interesting to note 
that this particular furnace is built in 
this country for our Allies. 

Among other illustrations of the 
special uses of gas in munition-making 
at the present time, Mr. H. M. Thornton 
mentioned the thermo-treatment of 
metals as exemplified in the various 
stages of shell-making, the construction 
of aeroplanes and motor-cars and the 
manufacture of tools of various kinds. 








GLOBES FOR SALE. 


For Sale, 14 handsome English cut and 
engraved Glass Globes for electric light, 
suitable for large hall. Height, 12 in., 
circumference 25 in.—Apply Box 20, c/o 
THE ILLUMINATING ENGINEER, 32, Vic- 
toria Street, London, S.W. 





The large new Woolworth building in New 
York, lighted throughout by gas. 


MODERN ILLUMINATION AS APPLIED 
TO GAS LIGHTING. 


A LECTURE on the above subject was 
given by Mr. E. Stroud at a recent 
meeting of the Scottish Junior Gas 
Association. Mr. Stroud referred to the 
recent Home Office Report on Lighting 
in Factories and Workshops, and ex- 
plained how by using standard types 
of Holophane reflectors an even illumina- 
tion of a given intensity could be obtained. 
Special stress was laid on the avoidance 
of undue contrasts in brightness. 


A discussion took place in which Mr. 
Colquhoon (Glasgow), Mr. J. M’Ghie 
(Glasgow), and Mr. J. Wislon (Falkirk) 
took part. The President, in winding 
up the discussion, emphasised the 
importance of the scientific study of 
illumination to gas engineers, 
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